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Clinical PerspectiveWhat Is New?We examined readmissions after atrial fibrillation ablations from the national readmissions database and noted that readmission rate of 10.9% and 16.5% within the first 30 and 90 days.Female sex, increased length of stay during index hospitalization, and increased comorbidity burden were the principal predictors of increase in readmission rates.Patients with private insurance and ablations performed in hospitals with high volume correlated to minimal readmission rates.What Are the Clinical Implications?Readmission may be an appropriate quality measure for atrial fibrillation ablation.Targeted interventions that focus on the immediate postoperative period and high‐risk patients could result in further reduction in procedural morbidity and reduce readmissions.

 {#jah33264-sec-0008}

Atrial fibrillation (AF) is the most common clinically significant cardiac arrhythmia and affects almost 2.3 million people in the US population.[1](#jah33264-bib-0001){ref-type="ref"} Catheter ablation (CA) of AF is one of the most effective rhythm control strategies for AF patients in anti‐arrhythmic drug (AAD) resistant AF.[2](#jah33264-bib-0002){ref-type="ref"} Despite the use of different ablation strategies and different sources of energy (cryoenergy versus radiofrequency), the success rate of single procedures has ranged between 20% and 60%. During the first 90 days, which is considered the "blanking period," re‐admissions are common.[3](#jah33264-bib-0003){ref-type="ref"}

However, after CA, apart from the recurrence of atrial arrhythmias, there are many other causes which are responsible for high readmission rates, but the data available on them are limited. Our study aims to evaluate 1) baseline characteristics of AF cohort undergoing CA, 2) specific admission diagnoses, predictors, and trends of 30‐ and 90‐day readmission in CA of AF patients, and 3) predictors and trends of AF recurrence in 90 days after CA of AF patients.

Methods {#jah33264-sec-0009}
=======

Data Source {#jah33264-sec-0010}
-----------

The study was derived from the Healthcare Cost and Utilization Project\'s (HCUP) National Readmission Database (NRD) of 2010--2014, sponsored by the Agency for Healthcare Research and Quality. The NRD is one of the largest publicly available all‐payer inpatient care databases in the United States, which includes data on ≈15 million discharges in year 2014, estimating roughly 35 million discharges from 22 states with reliable, verified linkage numbers. NRD represents 49.3% of total US hospitalizations. Patients were tracked during the same year using the variable "NRD_visitlink," and time between 2 admissions was calculated by subtracting variable "NRD_DaysToEvent". Time to readmission was calculated by subtracting the length of stay (LOS) of index admissions to time between 2 admissions. Sampling weights provided by the sponsor were used to produce national estimates. The details regarding the NRD data are available online.[4](#jah33264-bib-0004){ref-type="ref"}

Data Selection {#jah33264-sec-0011}
--------------

We queried NRD database using the *International Classification of Diseases, Ninth Revision, Clinical Modification* (*ICD‐9‐CM*) diagnosis code for AF (427.31) in the primary field. Catheter ablation was identified by *ICD‐9* procedural code 37.34 in either primary or secondary field. Patients having a secondary diagnosis of atrial flutter, paroxysmal supraventricular tachycardia, atrioventricular (AV) nodal tachycardia, Wolff‐Parkinson‐White syndrome, paroxysmal ventricular tachycardia and ventricular premature complexes were excluded. Also, to avoid inclusions of patients undergoing AV junction ablation, we excluded patients with diagnostic or procedural codes indicating prior or current implantation of a pacemaker or implantable cardioverter defibrillator. Also, cases with open surgical ablations during the hospitalization were excluded. Furthermore, patients aged \<18 years, with missing data for age, sex, or mortality were excluded. Patients with multiple CA for AF, only first admission of all was included as index admission. Index admissions from October, November, and December were excluded as NRD did not follow patients over the years, therefore, 90 days follow up would not be available for these index admissions. We identified in total 1 128 372 (AF) and 37 360 (CA in AF) index admissions (Table [S1](#jah33264-sup-0001){ref-type="supplementary-material"}). Similar methods were used previously.[5](#jah33264-bib-0005){ref-type="ref"}, [6](#jah33264-bib-0006){ref-type="ref"} Patients who were readmitted to any hospital within 30 and 90 days within the same calendar year were further evaluated.

Outcomes {#jah33264-sec-0012}
--------

Primary outcomes of our study were 30‐ and 90‐day readmissions and the secondary outcome was AF recurrence which was defined as readmission with a primary diagnosis of AF or repeat AF ablation during readmission. Causes (admitting diagnosis) of readmission were identified by using *ICD‐9‐CM* codes in primary diagnosis filed during readmission observation. We identified 553 different *ICD‐9 CM* diagnosis codes and combined the ones with similar diagnoses to make clinically important groups (Table [S2](#jah33264-sup-0001){ref-type="supplementary-material"}). Numbers were verified by M.D. and V.K. independently.

Definition of Variables {#jah33264-sec-0013}
-----------------------

NRD variables were used to identify patients' demographic characteristics including age, sex, hospital characteristics (bed size and teaching status), patient‐specific characteristics including median household income category for patient\'s zip code, primary payer, admission type, admission day, and discharge disposition.[7](#jah33264-bib-0007){ref-type="ref"} Discharge to skilled nursing facility and intermediate care facility were classified as the disposition to facility. Comorbidities such as obesity, hypertension, diabetes mellitus, chronic obstructive pulmonary disease (COPD), alcohol abuse, vascular disease history, and anemia were identified by variables provided in NRD, which uses *ICD‐9‐CM* diagnoses and the diagnosis‐related group in effect on the discharge date. These comorbidities were likely to have originated before the hospital stay and not directly related to the primary diagnosis or main reason for admission.[8](#jah33264-bib-0008){ref-type="ref"} Other comorbidities were identified by *ICD‐9‐CM* codes in secondary diagnosis field which included heart failure, coronary artery disease (CAD), chronic kidney disease, prior coronary artery bypass graft, hyperthyroidism, mitral valve disease, prior stroke/transient ischemic attack (TIA) etc (Table [S3](#jah33264-sup-0001){ref-type="supplementary-material"}).

Deyo modification of Charlson Comorbidity Index, which contains 17 comorbid conditions with differential weights, was used to define the severity of comorbid conditions. This score ranges from 0 to 33, with higher scores corresponding to a larger burden of comorbid conditions (Table [S4](#jah33264-sup-0001){ref-type="supplementary-material"}).[9](#jah33264-bib-0009){ref-type="ref"} Annual hospital volume of procedure was calculated by using unique hospital identification provided by NRD. We also evaluated LOS provided by NRD. Cost of hospitalization was calculated by merging cost to charge ratio provided by HCUP to the main data set and after adjusting for inflation.[10](#jah33264-bib-0010){ref-type="ref"}

Statistical Analysis {#jah33264-sec-0014}
--------------------

SAS 9.4 (SAS Institute Inc, Cary, NC) was utilized for analyses. Wilcoxon rank sum test was used for differences between continuous variables, as data were nonparametric, while chi‐square test was used for the differences between categorical variables. We assessed each outcome using Kaplan--Meier curve before running multivariate model (Figures [S1](#jah33264-sup-0001){ref-type="supplementary-material"} through [S3](#jah33264-sup-0001){ref-type="supplementary-material"}). Multivariate predictors of 30‐day readmission, 90‐day readmission and AF recurrence were evaluated using Cox proportional hazard regression with hospital identification as clustering effect. For 30 and 90‐day readmission, we first assessed all available known risk factors for AF, known risk factors for stroke/TIA in AF patients and other patient/hospital specific variables mentioned in Table [1](#jah33264-tbl-0001){ref-type="table"}. In multivariate analysis, we only included variables with a statistically significant difference in readmission using the univariate method. We also ran the hierarchical multivariate regression with hospital identification as clustering effect with all same variables mentioned above to assess predictors of CA amongst AF patients (Table [S5](#jah33264-sup-0001){ref-type="supplementary-material"}).

###### 

Baseline Characteristics of Atrial Fibrillation Patients With and Without Ablation

                                                                                                       Atrial Fibrillation   Overall            *P* Value           
  ---------------------------------------------------------------------------------------------------- --------------------- ------------------ ------------------- ---------
  Index admission                                                                                      1 091 012 (96.7%)     37 360 (3.3%)      1 128 372           
  Patient level variables                                                                                                                                           
  Age (median, IQR) y                                                                                  73 (62--82)           65 (57--72)        72 (62--82)         \<0.001
  Age groups, %                                                                                                                                                     \<0.001
  18 to 49 y                                                                                           7.9                   10.2               8.0                 
  50 to 64 y                                                                                           22.7                  37.3               23.2                
  65 to 79 y                                                                                           38.2                  45.3               38.5                
  ≥80 y                                                                                                31.1                  7.2                30.3                
  Sex, %                                                                                                                                                            \<0.001
  Male                                                                                                 46.5                  64.2               47.1                
  Female                                                                                               53.5                  35.8               52.9                
  Charlson comorbidity index, %[a](#jah33264-note-0004){ref-type="fn"}                                                                                              \<0.001
  0                                                                                                    36.4                  57.9               37.1                
  1                                                                                                    28.4                  24.8               28.3                
  ≥2                                                                                                   35.2                  17.4               34.6                
  Comorbidities, %                                                                                                                                                  
  Obesity[b](#jah33264-note-0005){ref-type="fn"}                                                       14.8                  15.3               14.8                0.015
  Obstructive sleep apnea^α^                                                                           7.9                   14.2               8.2                 \<0.001
  Hypertension[b](#jah33264-note-0005){ref-type="fn"}                                                  69.5                  62.8               69.3                \<0.001
  Diabetes mellitus[b](#jah33264-note-0005){ref-type="fn"}                                             25.2                  19.0               25.0                \<0.001
  Heart failure[c](#jah33264-note-0006){ref-type="fn"}                                                 29.3                  15.9               28.8                \<0.001
  Coronary artery disease^β^                                                                           32.0                  25.2               31.8                \<0.001
  Chronic pulmonary disease[b](#jah33264-note-0005){ref-type="fn"}                                     21.7                  14.2               21.5                \<0.001
  Chronic kidney disease^∞^ (stage 3 or more)                                                          7.9                   3.3                7.8                 \<0.001
  Prior coronary artery bypass graft^®^                                                                6.9                   5.3                6.8                 \<0.001
  Hyperthyroidism^Ω^                                                                                   1.7                   0.8                1.7                 \<0.001
  Alcohol abuse[b](#jah33264-note-0005){ref-type="fn"}                                                 4.7                   1.1                4.5                 \<0.001
  Mitral valve disease^μ^                                                                              8.8                   7.9                8.7                 \<0.001
  Prior stroke/transient ischemic attack©                                                              9.1                   6.6                9.0                 \<0.001
  Vascular disease history[b](#jah33264-note-0005){ref-type="fn"}                                      6.7                   4.6                6.6                 \<0.001
  Anemia[b](#jah33264-note-0005){ref-type="fn"}                                                        12.7                  5.2                12.4                \<0.001
  Median household income category for patient\'s zip code, %[d](#jah33264-note-0007){ref-type="fn"}                                                                \<0.001
  0 to 25th percentile                                                                                 27.6                  18.4               27.3                
  26 to 50th percentile                                                                                26.0                  22.4               25.8                
  51 to 75th percentile                                                                                23.7                  26.5               23.8                
  76 to 100th percentile                                                                               21.3                  30.9               21.6                
  Primary payer, %                                                                                                                                                  \<0.001
  Medicare                                                                                             68.1                  52.0               67.6                
  Medicaid                                                                                             4.34                  2.68               4.29                
  Private including health maintenance organization                                                    21.5                  42.3               22.2                
  Self‐pay/no charge/other                                                                             5.8                   3.0                5.7                 
  Hospital characteristics                                                                                                                                          
  Hospital bed size, %[e](#jah33264-note-0008){ref-type="fn"}                                                                                                       \<0.001
  Small                                                                                                14.5                  3.5                14.1                
  Medium                                                                                               24.3                  17.7               24.1                
  Large                                                                                                61.2                  78.9               61.8                
  Hospital teaching status, %[f](#jah33264-note-0009){ref-type="fn"}                                                                                                \<0.001
  Non‐teaching                                                                                         56.5                  25.1               55.4                
  Teaching                                                                                             43.5                  74.9               44.6                
  Admission type, %                                                                                                                                                 \<0.001
  Non‐elective                                                                                         90.3                  29.9               88.3                
  Elective                                                                                             9.6                   70.1               11.6                
  Admission day, %                                                                                                                                                  \<0.001
  Weekdays                                                                                             78.7                  96.2               79.2                
  Weekend                                                                                              21.3                  3.8                20.8                
  Disposition, %                                                                                                                                                    \<0.001
  Home                                                                                                 87.0                  97.9               87.4                
  Facility                                                                                             11.0                  1.8                10.7                
  In hospital mortality, %                                                                             1.0                   0.1                1.0                 \<0.001
  Length of stay (median, IQR) days                                                                    2 (1--4)              1 (1--3)           2 (1--4)            \<0.001
  Cost of hospitalization (median, IQR)[f](#jah33264-note-0009){ref-type="fn"}                         5114 (3272--8404)     6043 (3824--9874   5335 (3391--8792)   \<0.001

α, β, ∞, ^®^, Ω, μ, ©: comorbidities were identified by appropriate *ICD‐9‐CM* diagnosis codes in secondary diagnosis field (Table [S3](#jah33264-sup-0001){ref-type="supplementary-material"}).

*ICD‐9‐CM* indicates *International Classification of Diseases, Ninth Edition, Clinical Modification*.

Charlson/Deyo Comorbidity Index (CCI) was calculated as per Deyo classification.

Variables are AHRQ comorbidity measures.

Heart failure is identified by *ICD‐9* codes in secondary diagnosis field and it includes systolic, diastolic and combined heart failure.

Represents a quartile classification of the estimated median household income of residents within the patients' zip code, derived from zip code‐demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest populations. Because these estimates are updated annually, the value ranges vary by year. <https://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nrdnote.jsp>.

The bed size cutoff points divided into small, medium, and large have been done so that approximately one third of the hospitals in a given region, location, and teaching status combination would fall within each bed size category. <https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp>.

A hospital is considered to be a teaching hospital if it has an American Medical Association‐approved residency program, is a member of the Council of Teaching Hospitals or has a ratio of full‐time equivalent interns and residents to beds of 0.25 or higher. <https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp>.

For AF recurrence, we investigated risk factors for AF and patient/hospital specific variables mentioned in Table [S6](#jah33264-sup-0001){ref-type="supplementary-material"}. For multivariate regression (Cox‐proportional regression), we only included variables with a statically significant difference in AF recurrence using the univariate method. Included variables were age, sex, Charlson/Deyo Comorbidity Index, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, chronic kidney disease (CKD) stage 3 or more, hyperthyroidism, alcoholism, anemia, median household income, hospital volume, admission type, disposition, LOS for index admission stay (Table [S6](#jah33264-sup-0001){ref-type="supplementary-material"}). 30‐day readmission, 90‐day readmission and AF recurrence models were run on patients who survived index admission. The patient who died during readmission was considered censored observations for AF recurrence model. The *P*‐value of \<0.05 was considered significant. Cochrane Armitage test was used to assess *P*‐value for trends of categorical variables such as in‐hospital mortality and simple linear regression were used to assess *P*‐value for trends of continuous variables such as LOS and cost of care. The study was exempt from institutional review board approval, and the requirement for informed consent was waived because database uses previously collected deidentified data.

Results {#jah33264-sec-0015}
=======

Cohort Characteristics {#jah33264-sec-0016}
----------------------

As described in Table [1](#jah33264-tbl-0001){ref-type="table"} and Table [S5](#jah33264-sup-0001){ref-type="supplementary-material"}, our analysis included 1 128 372 index admissions for AF (68.8% aged ≥65 years and 52.9% females). Of which 37 360 (3.3%) underwent CA for AF. Overall, patients aged ≥65 years (52.5% versus 69.3%, *P*\<0.001) (odds ratio \[OR\]: 0.82, 95% confidence interval \[CI\]: 0.76--0.89, *P*\<0.001) and females (35.8% versus 53.5%, *P*\<0.001) (OR: 0.76, 95% CI: 0.73--0.78, *P*\<0.001) were less likely to receive CA for AF. Patients with higher median household income (75th--100th percentile) (30.9% versus 21.3%, *P*\<0.001) (OR: 1.92, 95% CI: 1.82--2.02, *P*\<0.001), private insurance (42.3% versus 21.5%, *P*\<0.001) (OR: 1.11, 95% CI: 1.05--1.17, *P*\<0.001) compared with Medicare were more likely to undergo CA for AF. Patients with comorbidities such as hypertension, diabetes mellitus, heart failure, CAD, chronic pulmonary disease, CKD stage 3 or more, hypothyroidism, mitral valve disease, prior stroke/TIA and anemia were less likely to receive CA for AF. Large hospitals and teaching hospitals were more likely to perform CA for AF (Table [1](#jah33264-tbl-0001){ref-type="table"}).

Predictors of All Cause Readmission {#jah33264-sec-0017}
-----------------------------------

Of the 37 360 patients who underwent CA, 3802 (10.9%) and 6164 (16.5%) patients required readmission in 30 and 90 days post‐CA, respectively. Patients with diabetes mellitus (25.6% versus 17.7%, *P*\<0.001) (hazard ratio \[HR\]: 1.10, 95% CI: 1.03--1.19, *P*=0.01), heart failure (26.4% versus 13.8%, *P*\<0.001) (HR: 1.17, 95% CI: 1.08--1.26, *P*\<0.001), CAD (33.7% versus 23.5%, *P*\<0.001) (HR: 1.18, 95% CI: 1.11--1.25, *P*\<0.001), chronic pulmonary disease (21.3% versus 12.8%, *P*\<0.001) (HR: 1.17, 95% CI: 1.09--1.26, *P*\<0.001), CKD stage 3 or more (6.9% versus 2.6%, *P*\<0.001) (HR: 1.26, 95% CI: 1.12--1.41, *P*\<0.001), prior stroke/TIA (8.5% versus 6.3%, *P*\<0.001) (HR: 1.10, 95% CI: 1.00--1.21, *P*=0.041), anemia (10% versus 4.3%, *P*\<0.001) (HR: 1.27, 95% CI: 1.16--1.39, *P*\<0.001), female sex (43.6% versus 34.3%, *P*\<0.001) (HR: 1.20, 95% CI: 1.13--1.26, *P*\<0.001), discharge to facility after index hospitalization (4.5% versus 1.3%, *P*\<0.001) (HR: 1.25, 95% CI: 1.10--1.43, *P*\<0.001), and index hospitalization LOS ≥2 days were associated with increased 90‐day readmissions. Patients with private insurance (29.6% versus 44.8%, *P*\<0.001) (HR: 0.69, 95% CI: 0.64--0.76, *P*\<0.001) compared with Medicare were associated with lower readmissions (Tables [2](#jah33264-tbl-0002){ref-type="table"} and [3](#jah33264-tbl-0003){ref-type="table"}). Similar results were observed with 30‐day readmission (Tables [2](#jah33264-tbl-0002){ref-type="table"} and [3](#jah33264-tbl-0003){ref-type="table"}). Higher hospital volume was associated with reduced 90‐day readmission (HR: 0.99, 95% CI: 0.99--0.99, *P*=0.046) but could not reach to statistical significance with 30 days follow up (Tables [2](#jah33264-tbl-0002){ref-type="table"} and [3](#jah33264-tbl-0003){ref-type="table"}). In separate analysis of an entire population of AF, we found that CA was associated with decreased 90‐day readmission compared with no CA. Similar results were not observed at 30 days (Table [3](#jah33264-tbl-0003){ref-type="table"}, Table [S7](#jah33264-sup-0001){ref-type="supplementary-material"}). Subgroup analysis of 90‐day readmission for CA patients (Table [S8](#jah33264-sup-0001){ref-type="supplementary-material"}), showed similar results in most subgroups except in older patients (aged ≥80 years), patients with obesity, CKD stage 3 or more, hyperthyroidism, and alcoholism.

###### 

Baseline Characteristics of Catheter Ablation in Atrial Fibrillation Patients With or Without Readmission

                                                                                                        Catheter Ablation of Atrial Fibrillation Patients   *P* Value                 *P* Value                                                                                 
  ----------------------------------------------------------------------------------------------------- --------------------------------------------------- ------------------------- ------------------------ ------------------------- -------------------------------------- --------------------------------------
  Index admission                                                                                       31 196 (89.1%)                                      3802 (10.9%)              6164 (16.5%)             37 360                    30‐day readmission vs no readmission   90‐day readmission vs no readmission
  Patient level variables                                                                                                                                                                                                                                                       
  Age (median, IQR) y                                                                                   65 (57--71)                                         68 (60--74)               68 (60--74)              65 (57--72)               \<0.001                                \<0.001
  Age groups (%)                                                                                                                                                                                                                         \<0.001                                \<0.001
  18 to 49 y                                                                                            3363 (10.8%)                                        286 (7.5%)                449 (7.3%)               3811 (10.2%)                                                     
  50 to 64 y                                                                                            12 082 (38.7%)                                      1168 (30.7%)              1837 (29.8%)             13 917 (37.3%)                                                   
  65 to 79 y                                                                                            13 842 (44.4%)                                      1843 (48.5%)              3085 (50.1%)             16 928 (45.3%)                                                   
  ≥80 y                                                                                                 1909 (6.1%)                                         504 (13.3%)               793 (12.9%)              2705 (7.2%)                                                      
  Sex (%)                                                                                                                                                                                                                                \<0.001                                \<0.001
  Male                                                                                                  20 505 (65.7%)                                      2107 (55.4%)              3477 (56.4%)             23 981 (64.2%)                                                   
  Female                                                                                                10 691 (34.3%)                                      1695 (44.6%)              2687 (43.6%)             13 379 (35.8%)                                                   
  Charlson Comorbidity Index (%)[a](#jah33264-note-0011){ref-type="fn"}                                                                                                                                                                  \<0.001                                \<0.001
  0                                                                                                     18 986 (60.9%)                                      1613 (42.4%)              2626 (42.6%)             21 613 (57.9%)                                                   
  1                                                                                                     7528 (24.1%)                                        1109 (29.2%0              1724 (28.0%)             9250 (24.8)                                                      
  ≥2                                                                                                    4683 (15.0%)                                        1081 (28.4%0              1813 (29.4%)             6497 (17.4%)                                                     
  Comorbidities (%)                                                                                                                                                                                                                                                             
  Obesity[b](#jah33264-note-0012){ref-type="fn"}                                                        4636 (14.9%)                                        667 (17.6%0               1071 (17.4%)             5705 (15.3%)              \<0.001                                \<0.001
  Obstructive sleep apnea^α^                                                                            4502 (14.4%)                                        522 (13.7)                814 (13.2)               5316 (14.2%)              0.254                                  0.012
  Hypertension[b](#jah33264-note-0012){ref-type="fn"}                                                   19 357 (62.1%)                                      2515 (66.2%)              4099 (66.5%)             23 458 (62.8%)            \<0.001                                \<0.001
  Diabetes mellitus[b](#jah33264-note-0012){ref-type="fn"}                                              5512 (17.7%)                                        969 (25.5%)               1579 (25.6%)             7091 (19.0%)              \<0.001                                \<0.001
  Heart failure[c](#jah33264-note-0013){ref-type="fn"}                                                  4293 (13.8%)                                        1010 (26.6%)              1626 (26.4%)             5922 (15.9%)              \<0.001                                \<0.001
  Coronary artery disease^β^                                                                            7328 (23.5%)                                        1255 (33.0%)              2078 (33.7%)             9404 (25.2%)              \<0.001                                \<0.001
  Chronic pulmonary disease[b](#jah33264-note-0012){ref-type="fn"}                                      3996 (12.8%)                                        823 (21.6%)               1315 (21.3%)             5313 (14.2%)              \<0.001                                \<0.001
  Chronic kidney disease^∞^ (stage 3 or more)                                                           802 (2.6%)                                          249 (6.5%)                425 (6.9%)               1225 (3.3%)               \<0.001                                \<0.001
  Prior coronary artery bypass graft^®^                                                                 1522 (4.9%)                                         240 (6.3%)                445 (7.2%)               1969 (5.3%)               \<0.001                                \<0.001
  Hyperthyroidism^Ω^                                                                                    237 (0.8%)                                          31 (0.8%)                 53 (0.9%)                291 (0.8%)                0.759                                  0.439
  Alcohol abuse[b](#jah33264-note-0012){ref-type="fn"}                                                  346 (1.1%)                                          35 (0.9%)                 63 (1.0%)                407 (1.1%)                0.310                                  0.531
  Mitral valve disease^μ^                                                                               2343 (7.5%)                                         387 (10.2%)               591 (9.6%)               2933 (7.9%)               \<0.001                                \<0.001
  Prior stroke/transient ischemic attack©                                                               1950 (6.3%)                                         338 (8.9%)                526 (8.5%)               2473 (6.6%)               \<0.001                                \<0.001
  Vascular disease history[b](#jah33264-note-0012){ref-type="fn"}                                       1295 (4.2%)                                         253 (6.7%)                420 (6.8%)               1715 (4.6%)               \<0.001                                \<0.001
  Anemia[b](#jah33264-note-0012){ref-type="fn"}                                                         1338 (4.3%)                                         378 (10.0%)               616 (10.0%)              1954 (5.2%)               \<0.001                                \<0.001
  Median household income category for patient\'s zip code (%)[d](#jah33264-note-0014){ref-type="fn"}                                                                                                                                    \<0.001                                \<0.001
  0 to 25th percentile                                                                                  5553 (17.8%)                                        858 (22.6%)               1328 (21.6%)             6882 (18.4%)                                                     
  26 to 50th percentile                                                                                 6888 (22.1%)                                        921 (24.2%)               1492 (24.2%)             8380 (22.4%)                                                     
  51 to 75th percentile                                                                                 8307 (26.6%)                                        990 (26.0%)               1592 (25.8%)             9900 (26.5%)                                                     
  76 to 100th percentile                                                                                9889 (31.7%)                                        971 (25.5%)               1638 (26.6%)             11 529 (30.9%)                                                   
  Primary payer (%)                                                                                                                                                                                                                      \<0.001                                \<0.001
  Medicare                                                                                              15 439 (49.5%)                                      2434 (64.0%)              3978 (64.5%)             19 416 (51.9%)                                                   
  Medicaid                                                                                              795 (2.6%)                                          126 (3.3%)                205 (3.3%)               1001 (2.7%)                                                      
  Private including health maintenance organization                                                     13 979 (44.8%)                                      1137 (29.9%)              1823 (29.6%)             15 800 (42.3%)                                                   
  Self‐pay/no charge/other                                                                              976 (3.1%)                                          105 (2.8%)                155 (2.5%)               1132 (3.0%)                                                      
  Hospital characteristics                                                                                                                                                                                                                                                      
  Hospital bed size (%)[e](#jah33264-note-0015){ref-type="fn"}                                                                                                                                                                           0.012                                  0.249
  Small                                                                                                 1061 (3.4%)                                         122 (3.2%)                235 (3.8%)               1296 (3.5%)                                                      
  Medium                                                                                                5522 (17.7%)                                        603 (15.9%)               1081 (17.5%)             6605 (17.7%)                                                     
  Large                                                                                                 24 614 (78.9%)                                      3077 (80.9%)              4847 (78.6%)             29 458 (78.9%)                                                   
  Hospital teaching status (%)[f](#jah33264-note-0016){ref-type="fn"}                                                                                                                                                                    0.009                                  0.003
  Non‐teaching                                                                                          7740 (24.8%)                                        10 108 (26.8%)            1638 (26.6%)             9377 (25.1%)                                                     
  Teaching                                                                                              23 456 (75.2%)                                      2784 (73.2%)              4526 (73.4%)             27 983 (74.9%)                                                   
  Hospital volume (median, IQR)                                                                         41 (24--109)                                        52 (18--83)               53 (18--90)              47 (22--106)              \<0.001                                \<0.001
  Admission type (%)                                                                                                                                                                                                                     \<0.001                                \<0.001
  Non‐elective                                                                                          8813 (28.3%)                                        1426 (37.5)               2353 (38.2%)             11 163 (29.9%)                                                   
  Elective                                                                                              22 383 (71.8%)                                      2376 (62.5)               3805 (61.7%)             26 182 (70.1%)                                                   
  Admission day (%)                                                                                                                                                                                                                      \<0.001                                \<0.001
  Weekdays                                                                                              30 160 (96.7%)                                      3566 (93.8%)              5774 (93.7%)             35 933 (96.2%)                                                   
  Weekend                                                                                               1036 (3.3%)                                         236 (6.2%)                390 (6.3%)               1427 (3.8%)                                                      
  Disposition (%)                                                                                                                                                                                                                        \<0.001                                \<0.001
  Home                                                                                                  30 706 (98.4%)                                      3626 (95.4%)              5882 (95.4%)             36 587 (97.9%)                                                   
  Facility                                                                                              412 (1.3%)                                          173 (4.6%)                278 (4.5%)               687 (1.8%)                                                       
  In‐hospital mortality (%)                                                                             53 (0.2%)                                           0 (0.0%)                  0 (0.0%)                 52 (0.1%)                                                        
  Length of stay (median, IQR) days                                                                     1 (1--2)                                            2 (1--4)                  2 (1--4)                 1 (1--3)                  \<0.001                                \<0.001
  Cost of hospitalization (median, IQR)[f](#jah33264-note-0016){ref-type="fn"}                          23 581 (17 282--30 209)                             22 799 (15 836--31 167)   22 318 (15 235--30 315   23 414 (17 004--30 220)   \<0.001                                \<0.001

α, β, ∞, ^®^, Ω, μ, ©: comorbidities were identified by appropriate *ICD‐9‐CM* diagnosis codes in secondary diagnosis field (Table [S3](#jah33264-sup-0001){ref-type="supplementary-material"}).

*ICD‐9‐CM* indicates *International Classification of Diseases, Ninth Edition, Clinical Modification*.

Charlson/Deyo Comorbidity Index (CCI) was calculated as per Deyo classification.

Variables are AHRQ comorbidity measures.

Heart failure is identified by *ICD‐9* codes in secondary diagnosis field and it includes systolic, diastolic and combined heart failure.

Represents a quartile classification of the estimated median household income of residents within the patients' zip code, derived from zip code‐demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest populations. Because these estimates are updated annually, the value ranges vary by year. <https://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nrdnote.jsp>.

The bed size cutoff points divided into small, medium, and large have been done so that approximately one third of the hospitals in a given region, location, and teaching status combination would fall within each bed size category. <https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp>.

A hospital is considered to be a teaching hospital if it has an American Medical Association‐approved residency program is a member of the Council of Teaching Hospitals or has a ratio of full‐time equivalent interns and residents to beds of 0.25 or higher. <https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp>.

###### 

Predictors of 30 and 90‐Day (All Cause) Readmission in Catheter Ablation of AF Patients

  Patient Level Variables                                                                           30‐Day Readmission[a](#jah33264-note-0018){ref-type="fn"}   90‐Day Readmission                                                         
  ------------------------------------------------------------------------------------------------- ----------------------------------------------------------- -------------------- ---------- --------- ---------- ---------- ---------- ---------
  Age (continuous variable)[b](#jah33264-note-0019){ref-type="fn"}                                  1.01                                                        1.01                 1.01       \<0.001   1.01       1.01       1.01       \<0.001
  Age groups                                                                                                                                                                                                                               
  18 to 49 y                                                                                        Referent                                                    Referent             Referent             Referent   Referent   Referent   
  50 to 64 y                                                                                        1.00                                                        0.88                 1.14       0.996     1.00       0.90       1.12       0.922
  65 to 79 y                                                                                        0.90                                                        0.77                 1.05       0.175     0.98       0.87       1.11       0.752
  ≥80 y                                                                                             1.14                                                        0.95                 1.37       0.166     1.17       1.01       1.35       0.034
  Female                                                                                            1.22                                                        1.14                 1.31       \<0.001   1.20       1.13       1.26       \<0.001
  Charlson Comorbidity Index[c](#jah33264-note-0020){ref-type="fn"}                                                                                                                                                                        
  0                                                                                                 Referent                                                    Referent             Referent             Referent   Referent   Referent   
  1                                                                                                 1.24                                                        1.12                 1.37       \<0.001   1.22       1.12       1.32       \<0.001
  ≥2                                                                                                1.16                                                        1.00                 1.35       0.049     1.26       1.12       1.42       \<0.001
  Comorbidities                                                                                                                                                                                                                            
  Obesity[d](#jah33264-note-0021){ref-type="fn"}                                                    1.11                                                        1.02                 1.21       0.018     1.12       1.04       1.20       0.002
  Hypertension[d](#jah33264-note-0021){ref-type="fn"}                                               0.94                                                        0.87                 1.00       0.067     0.94       0.89       1.00       0.034
  Diabetes mellitus[d](#jah33264-note-0021){ref-type="fn"}                                          1.13                                                        1.03                 1.25       0.010     1.10       1.03       1.19       0.009
  Heart failure[e](#jah33264-note-0022){ref-type="fn"}                                              1.19                                                        1.08                 1.32       \<0.001   1.17       1.08       1.26       \<0.001
  Coronary artery disease^β^                                                                        1.17                                                        1.08                 1.27       \<0.001   1.18       1.11       1.25       \<0.001
  Chronic pulmonary disease[d](#jah33264-note-0021){ref-type="fn"}                                  1.22                                                        1.10                 1.34       \<0.001   1.17       1.09       1.26       \<0.001
  Chronic kidney disease^∞^ (stage 3 or more)                                                       1.28                                                        1.10                 1.48       0.001     1.26       1.12       1.41       \<0.001
  Prior coronary artery bypass graft^®^                                                             0.86                                                        0.75                 0.99       0.037     0.95       0.85       1.05       0.327
  Mitral valve disease^μ^                                                                           1.13                                                        1.01                 1.26       0.028     1.07       0.99       1.17       0.105
  Prior stroke/Transient ischemic attack©                                                           1.14                                                        1.02                 1.28       0.026     1.10       1.00       1.21       0.041
  Vascular disease history[d](#jah33264-note-0021){ref-type="fn"}                                   1.08                                                        0.95                 1.24       0.237     1.08       0.98       1.20       0.123
  Anemia[d](#jah33264-note-0021){ref-type="fn"}                                                     1.28                                                        1.14                 1.43       \<0.001   1.27       1.16       1.39       \<0.001
  Median household income category for patient\'s zip code[f](#jah33264-note-0023){ref-type="fn"}                                                                                                                                          
  0 to 25^th^ percentile                                                                            Referent                                                    Referent             Referent             Referent   Referent   Referent   
  26 to 50^th^ percentile                                                                           0.93                                                        0.85                 1.03       0.149     0.97       0.90       1.04       0.357
  51 to 75^th^ percentile                                                                           0.94                                                        0.86                 1.03       0.205     0.97       0.90       1.04       0.341
  76 to 100^th^ percentile                                                                          0.88                                                        0.80                 0.97       0.009     0.94       0.87       1.01       0.092
  Primary payer                                                                                                                                                                                                                            
  Medicare                                                                                          Referent                                                    Referent             Referent             Referent   Referent   Referent   
  Medicaid                                                                                          0.96                                                        0.78                 1.17       0.655     1.02       0.88       1.20       0.748
  Private including health maintenance organization                                                 0.67                                                        0.60                 0.74       \<0.001   0.69       0.64       0.76       \<0.001
  Self‐pay/no charge/other                                                                          0.73                                                        0.59                 0.91       0.004     0.74       0.62       0.88       \<0.001
  Hospital characteristics of index admission                                                                                                                                                                                              
  Teaching hospitals[g](#jah33264-note-0024){ref-type="fn"}                                         0.97                                                        0.90                 1.04       0.382     0.96       0.91       1.02       0.174
  Hospital volume (per 1 increase)                                                                  1.00                                                        0.99                 1.00       0.131     0.99       0.99       0.99       0.046
  Admission characteristics of index admission                                                                                                                                                                                             
  Elective admission                                                                                0.95                                                        0.88                 1.02       0.156     0.91       0.86       0.96       \<0.001
  Weekend admission                                                                                 1.06                                                        0.92                 1.21       0.435     1.08       0.97       1.21       0.157
  Discharge characteristics of index admission                                                                                                                                                                                             
  Disposition to facility                                                                           1.30                                                        1.10                 1.53       0.002     1.25       1.10       1.43       \<0.001
  Length of stay, days                                                                                                                                                                                                                     
  1                                                                                                 Referent                                                    Referent             Referent             Referent   Referent   Referent   
  2 to 3                                                                                            1.39                                                        1.28                 1.50       \<0.001   1.22       1.15       1.30       \<0.001
  \>3                                                                                               1.75                                                        1.59                 1.92       \<0.001   1.56       1.45       1.68       \<0.001
  In separate analysis with entire AF population                                                                                                                                                                                           
  Catheter ablation of AF                                                                           1.02                                                        0.97                 1.08       0.424     0.89       0.86       0.92       \<0.001

Α, β, ∞, ^®^, Ω, μ, ©: comorbidities were identified by appropriate *ICD‐9‐CM* diagnosis codes in secondary diagnosis field (Table [S3](#jah33264-sup-0001){ref-type="supplementary-material"}).

AF indicates atrial fibrillation; CI, confidence interval; HR, hazard ratio; *ICD‐9‐CM*,*International Classification of Diseases, Ninth Edition, Clinical Modification*; LL, lower limit; UL, upper limit.

Patients who were readmitted after 30 days were excluded from 30‐day analysis.

Two separate multivariate models were conducted, first one with age as continuous variables and second with age as group variable.

Charlson/Deyo Comorbidity Index (CCI) was calculated as per Deyo classification.

Variables are AHRQ comorbidity measures.

Heart failure is identified by *ICD‐9* codes in secondary diagnosis field and it includes systolic, diastolic, and combined heart failure.

Represents a quartile classification of the estimated median household income of residents within the patients' zip code, derived from zip code‐demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest populations. Because these estimates are updated annually, the value ranges vary by year. <https://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nrdnote.jsp>.

A hospital is considered to be a teaching hospital if it has an American Medical Association‐approved residency program, is a member of the Council of Teaching Hospitals or has a ratio of full‐time equivalent interns and residents to beds of 0.25 or higher. <https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp>.

Admitting Diagnoses of Readmission {#jah33264-sec-0018}
----------------------------------

Out of 3802 and 6164 readmissions (over 30 and 90 days, respectively) cardiac causes (58.4% and 59.1%, respectively) were the most prevalent cause of readmission, of which arrhythmia (32.6% and 35.2%) was the most common including (AF \[22.7% and 24.8%\] and atrial flutter \[4.8% and 5.1%\]) followed by heart failure (13.8% and 12.6%), pericardial complications (2.6% and 2.1%) and ischemic heart disease (1.9% and 2.3%). While pulmonary causes (primarily pneumonia \[3.4% and 2.7%\] followed by COPD \[2.1% and 2.2%\]) were responsible for 8.4% 30‐day readmission and 8.3% 90‐day readmission, whereas bleeding complications consisted of gastrointestinal bleed (1.5% and 1.7%), intracranial hemorrhage (0.6%) and other bleed (3.4% and 2.7%) made the third most prevalent cause of readmission. Other important causes were infections (5% and 4.9%) (including sepsis \[2.6% and 2.3%\]) and stroke/TIA (1.7% and 1.6%) (Table [4](#jah33264-tbl-0004){ref-type="table"}).

###### 

Admitting Diagnosis of Readmitted Patients Amongst CA of AF

                                                         30‐Day Readmission                             90‐Day Readmission
  ------------------------------------------------------ ---------------------------------------------- ----------------------------------------------
  Causes of readmission after CA of AF                                                                  
  Total readmissions                                     3803                                           6164
  Cardiac causes                                         58.4%[a](#jah33264-note-0026){ref-type="fn"}   59.1%[a](#jah33264-note-0026){ref-type="fn"}
  Heart failure[b](#jah33264-note-0027){ref-type="fn"}   13.8%                                          12.6%
  Arrhythmia                                             32.6%                                          35.2%
  Atrial fibrillation                                    22.7%                                          24.8%
  Atrial flutter                                         4.8%                                           5.1%
  Heart block excluding 1^st^ degree block               0.2%                                           0.1%
  Sinoatrial node dysfunction                            1.51%                                          1.64%
  Paroxysmal ventricular tachycardia                     0.67%                                          0.68%
  Paroxysmal supraventricular tachycardia                0.47%                                          0.52%
  Others[c](#jah33264-note-0028){ref-type="fn"}          2.26%                                          2.35%
  Ischemic heart disease                                 1.9%                                           2.3%
  Heart valve disease                                    0.4%                                           0.7%
  Hypertension                                           0.3%                                           0.3%
  Hypotension/dizziness/syncope                          1.7%                                           1.4%
  Pericardial complications                              2.6%                                           2.1%
  Other cardiac complication                             5.2%                                           4.5%
  Vascular causes/complications                          3.0%[a](#jah33264-note-0026){ref-type="fn"}    2.2%[a](#jah33264-note-0026){ref-type="fn"}
  Infections                                             5.0%[a](#jah33264-note-0026){ref-type="fn"}    4.9%[a](#jah33264-note-0026){ref-type="fn"}
  Sepsis                                                 2.6%                                           2.3%
  Pulmonary causes/complications                         8.4%[a](#jah33264-note-0026){ref-type="fn"}    8.3%[a](#jah33264-note-0026){ref-type="fn"}
  Chronic obstructive pulmonary diseases                 2.1%                                           2.2%
  Pneumonia                                              3.4%                                           2.7%
  Other respiratory causes/complications                 2.9%                                           3.4%
  Gastrointestinal causes/complication                   3.8%[a](#jah33264-note-0026){ref-type="fn"}    4.3%[a](#jah33264-note-0026){ref-type="fn"}
  Neurological complications                             2.7%[a](#jah33264-note-0026){ref-type="fn"}    2.8%[a](#jah33264-note-0026){ref-type="fn"}
  Ischemic stroke/Transient ischemic attack              1.7%                                           1.6%
  Other neurological causes/complications                1.0%                                           1.2%
  Kidney or urinary causes/complications                 4.5%[a](#jah33264-note-0026){ref-type="fn"}    3.7%[a](#jah33264-note-0026){ref-type="fn"}
  Electrolyte imbalance                                  0.6%                                           0.8%
  Acute/acute on chronic kidney failure                  1.6%                                           1.5%
  Other kidney/urinary tract etiology/complication       2.4%                                           1.4%
  Hematology                                             1.0%[a](#jah33264-note-0026){ref-type="fn"}    0.5%[a](#jah33264-note-0026){ref-type="fn"}
  Anemia                                                 0.7%                                           0.3%
  Others                                                 0.3%                                           0.3%
  Trauma/fracture/poisoning                              1.0%[a](#jah33264-note-0026){ref-type="fn"}    1.2%[a](#jah33264-note-0026){ref-type="fn"}
  Endocrine causes                                       0.5%[a](#jah33264-note-0026){ref-type="fn"}    0.6%[a](#jah33264-note-0026){ref-type="fn"}
  Diabetes mellitus                                      0.3%                                           0.4%
  Others                                                 0.2%                                           0.2%
  Malignancy                                             0.9%[a](#jah33264-note-0026){ref-type="fn"}    1.2%[a](#jah33264-note-0026){ref-type="fn"}
  Bleeding complications                                 5.4%[a](#jah33264-note-0026){ref-type="fn"}    5.0%[a](#jah33264-note-0026){ref-type="fn"}
  Gastrointestinal bleed                                 1.5%                                           1.7%
  Intracranial bleed                                     0.6%                                           0.6%
  Intracranial bleed without trauma                      0.4%                                           0.4%
  Intracranial bleed with trauma                         0.1%                                           0.2%
  Other bleeding complications                           3.4%                                           2.7%
  Psychiatry causes                                      0.6%[a](#jah33264-note-0026){ref-type="fn"}    0.7%[a](#jah33264-note-0026){ref-type="fn"}
  Pulmonary embolism (PE)/deep venous thrombosis (DVT)   1.3%[a](#jah33264-note-0026){ref-type="fn"}    1.1%[a](#jah33264-note-0026){ref-type="fn"}
  Others[d](#jah33264-note-0029){ref-type="fn"}          3.6%[a](#jah33264-note-0026){ref-type="fn"}    4.5%[a](#jah33264-note-0026){ref-type="fn"}

AF indicates atrial fibrillation; CA, catheter ablation.

Overall percentage for respective system.

Heart failure includes systolic, diastolic, and combined heart failure.

Other arrhythmia includes: anomalous atrioventricular excitation, long QT syndrome, other specified conduction disorders, conduction disorder, unspecified, paroxysmal tachycardia, unspecified, supraventricular premature beats, other premature beats, other specified cardiac dysrhythmias, cardiac dysrhythmia, unspecified, first degree atrioventricular block, ventricular fibrillation, cardiac arrest.

Skin, subcutaneous, joints, non‐specific laboratory findings, non‐specific symptoms.

Predictors of AF Recurrence {#jah33264-sec-0019}
---------------------------

One thousand nine hundred sixty‐four patients (5.3%) out of 37 360 patients came back to hospital with primary diagnosis of AF or for the repeat AF ablation procedure (Table [S6](#jah33264-sup-0001){ref-type="supplementary-material"}). Trends of AF recurrence suggest that half of overall AF recurrence takes place in the first 21 to 30 days post discharge (Figure [1](#jah33264-fig-0001){ref-type="fig"}). Predictors of increase in AF recurrence post‐AF ablation were diabetes mellitus (HR: 1.30, 95% CI: 1.06--1.61, *P*=0.013), chronic pulmonary disease (HR: 1.29, 95% CI: 1.04--1.61, *P*=0.021), female sex (HR: 1.28, 95% CI: 1.11--1.46, *P*\<0.001) and index hospitalization LOS ≥2 days (LOS 2--3 days: HR: 1.34, 95% CI: 1.15--1.56, *P*\<0.001) (LOS \>3 days: HR: 1.60, 95% CI: 1.32--1.95, *P*\<0.001). While, a predictor of decreased AF recurrence was higher hospital volume (HR: 0.998, 95% CI: 0.997--0.999, *P*\<0.001) (Table [5](#jah33264-tbl-0005){ref-type="table"}).

![Trends of atrial fibrillation (AF) recurrence.](JAH3-7-e009294-g001){#jah33264-fig-0001}

###### 

Predictors of Atrial Fibrillation Recurrence Over 90 Days Post‐Catheter Ablation of Atrial Fibrillation

  Patient Level Variables                                                                           Atrial Fibrillation Recurrence Post‐Catheter Ablation                         
  ------------------------------------------------------------------------------------------------- ------------------------------------------------------- ---------- ---------- ---------
  Age (continuous variable)[a](#jah33264-note-0031){ref-type="fn"}                                  1.00                                                    0.99       1.01       0.493
  Age groups                                                                                                                                                                      
  18 to 49 y                                                                                        Referent                                                Referent   Referent   
  50 to 64 y                                                                                        1.14                                                    0.87       1.48       0.351
  65 to 79 y                                                                                        1.23                                                    0.90       1.69       0.194
  ≥80 y                                                                                             1.08                                                    0.72       1.62       0.707
  Female                                                                                            1.28                                                    1.11       1.46       \<0.001
  Charlson Comorbidity Index[b](#jah33264-note-0032){ref-type="fn"}                                                                                                               
  0                                                                                                 Referent                                                Referent   Referent   
  1                                                                                                 1.01                                                    0.83       1.24       0.901
  ≥2                                                                                                0.96                                                    0.73       1.27       0.787
  Comorbidities                                                                                                                                                                   
  Obesity[c](#jah33264-note-0033){ref-type="fn"}                                                    1.16                                                    0.97       1.39       0.102
  Hypertension[c](#jah33264-note-0033){ref-type="fn"}                                               1.01                                                    0.87       1.16       0.964
  Diabetes mellitus[c](#jah33264-note-0033){ref-type="fn"}                                          1.30                                                    1.06       1.61       0.013
  Chronic pulmonary disease[c](#jah33264-note-0033){ref-type="fn"}                                  1.29                                                    1.04       1.61       0.021
  Chronic kidney disease^∞^ (stage 3 or more)                                                       0.90                                                    0.58       1.39       0.645
  Hyperthyroidism^Ω^                                                                                0.45                                                    0.15       1.40       0.169
  Alcohol abuse[c](#jah33264-note-0033){ref-type="fn"}                                              0.31                                                    0.10       0.96       0.042
  Anemia[c](#jah33264-note-0033){ref-type="fn"}                                                     1.23                                                    0.94       1.60       0.134
  Median household income category for patient\'s zip code[d](#jah33264-note-0034){ref-type="fn"}                                                                                 
  1\. 0 to 25th percentile                                                                          Referent                                                Referent   Referent   
  2\. 26 to 50th percentile                                                                         1.11                                                    0.91       1.35       0.320
  3\. 51 to 75th percentile                                                                         0.99                                                    0.81       1.20       0.906
  4\. 76 to 100th percentile                                                                        0.90                                                    0.74       1.10       0.292
  Primary payer                                                                                                                                                                   
  Medicare                                                                                          Referent                                                Referent   Referent   
  Medicaid                                                                                          1.39                                                    0.94       2.04       0.098
  Private including health maintenance organization                                                 0.85                                                    0.68       1.05       0.132
  Self‐pay/no charge/other                                                                          0.86                                                    0.55       1.34       0.502
  Hospital characteristics of index admission                                                                                                                                     
  Hospital volume (per 1 increase)                                                                  0.998                                                   0.997      0.999      \<0.001
  Admission characteristics of index admission                                                                                                                                    
  Electives admission                                                                               0.91                                                    0.78       1.05       0.190
  Discharge characteristics of index admission                                                                                                                                    
  Disposition to facility                                                                           0.69                                                    0.38       1.28       0.241
  Length of stay, days                                                                                                                                                            
  1                                                                                                 Referent                                                Referent   Referent   
  2 to 3                                                                                            1.34                                                    1.15       1.56       \<0.001
  \>3                                                                                               1.60                                                    1.32       1.95       \<0.001

CI indicates confidence interval; HR, hazard ratio; LL, lower limit; UL, upper limit. α, β, ∞, ^®^, Ω, μ, ©: comorbidities were identified by appropriate *ICD‐9‐CM* diagnosis codes in secondary diagnosis field (Table [S3](#jah33264-sup-0001){ref-type="supplementary-material"}).

*ICD‐9‐CM* indicates *International Classification of Diseases, Ninth Edition, Clinical Modification*.

Two separate multivariate models were conducted, first one with age as continuous variables and second with age as group variable.

Charlson/Deyo Comorbidity Index (CCI) was calculated as per Deyo classification.

Variables are AHRQ comorbidity measures.

Represents a quartile classification of the estimated median household income of residents within the patients' zip code, derived from zip code‐demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest populations. Because these estimates are updated annually, the value ranges vary by year. <https://www.hcup-us.ahrq.gov/db/vars/zipinc_qrtl/nrdnote.jsp>.

Trends of Short‐Term Outcomes {#jah33264-sec-0020}
-----------------------------

Rate of 30‐day readmission and in‐hospital mortality (data not shown in table) have not changed from year 2010 to 2014; while 90‐day readmission rate (from 17% in 2010 to 15% in 2014, 0.55% reduction per year, *P*\<0.001) and AF recurrence rate (from 6.5% in 2010 to 3.7%, 0.66% reduction per year, *P*\<0.001) were improving over the years (Figure [2](#jah33264-fig-0002){ref-type="fig"}). Resource utilization including LOS (median, interquartile range) (from 1 \[1--2\] days in 2010 to 2 \[1--3\] days in 2014, 0.11‐day increments per year, *P*\<0.001) and cost of care (from \$22 561 \[16 129--28 141\] in 2010 to \$23 779 \[16 861--30 845\] in 2014, \$621 increment per year, *P*\<0.001) were increasing over the study period (data not shown in table).

![Trends of short‐term outcomes.](JAH3-7-e009294-g002){#jah33264-fig-0002}

Discussion {#jah33264-sec-0021}
==========

Herein, we report the largest all‐player data in the United States from a nationwide readmission database on the causes and predictors of all‐cause readmission, and several short‐term outcomes in patients with AF undergoing catheter ablation. The important findings of our study were: 1) readmission rate of 10.9% and 16.5% was noted within first 30 and 90 days of discharge from index admission, respectively for CA of AF; 2) female sex, increased LOS of index hospitalization, disposition to facility, and comorbidities (diabetes mellitus, heart failure, CAD, chronic pulmonary disease, CKD, prior stroke/TIA and anemia) were the predictors of increased readmissions whereas private insurance coverage, high hospital volume for the catheter ablation, and non‐urgent admission correlated to improved 90‐day readmission; 3) most common causes of readmission were cardiac, where AF recurrence was the most common followed by heart failure; and 4) female sex, diabetes mellitus, chronic pulmonary disease, and higher LOS during index hospitalization were the predictors of increased AF recurrence requiring hospitalization.

The strength of our study is the large sample size representing real‐world data. This is in contrast to a large number of previous studies on post‐CA of AF readmission, which have been restricted by their comparatively small sample size[11](#jah33264-bib-0011){ref-type="ref"} or selective population cohorts.[5](#jah33264-bib-0005){ref-type="ref"}, [6](#jah33264-bib-0006){ref-type="ref"}, [12](#jah33264-bib-0012){ref-type="ref"} We noted a higher 90‐day readmission rate (16.5%) in our study compared with data published by Noseworthy et al[13](#jah33264-bib-0013){ref-type="ref"} (13.4%). This difference in readmission rate is likely explained by the inclusion of only privately insured patients from Optum Labs Data Warehouse database by Noseworthy et al.[13](#jah33264-bib-0013){ref-type="ref"} The key observation in our study was a significantly lower 30‐day readmission rate (10.9%) in ablated AF patients compared with data published by Freeman et al[12](#jah33264-bib-0012){ref-type="ref"} who reported a 30‐day readmission rate ranging between 15.3% to 15.5% in patients admitted with principal diagnosis for AF during years 1999--2011. Similarly, Munir et al[14](#jah33264-bib-0014){ref-type="ref"} noted a 30‐day readmission rate of 15.1% using a patient database similar to the database in our study. A lower readmission rate observed in our study reflects the salutary effect of catheter ablation in AF patients. Moreover, our study also noted catheter ablation to be a significant predictor of reduced 90‐day readmission among AF patients (Table [3](#jah33264-tbl-0003){ref-type="table"} and Table [S6](#jah33264-sup-0001){ref-type="supplementary-material"}) thus supporting the same observation. Furthermore, females were found to be less likely to receive CA for AF than men despite higher number of AF hospitalizations. The causality of the same is unknown but our results were similar to previous studies on cardiac intervention such as use of Cardiac Resynchronization Therapy[15](#jah33264-bib-0015){ref-type="ref"} and treatment of non‐ST‐segment elevation acute coronary syndromes.[16](#jah33264-bib-0016){ref-type="ref"}

Our study noted several predictors of increased readmission after CA in AF patients thus identifying the vulnerable subgroup of patients who can benefit from individualized in‐hospital as well as post‐discharge care. Similar to a prior study,[13](#jah33264-bib-0013){ref-type="ref"} we identified older age, female sex, and certain comorbidities (diabetes mellitus, heart failure, CAD, CKD, chronic pulmonary disease) to be associated with high 90‐day readmission rates in AF patients undergoing CA. Similar characteristics except age predicted increased 30‐day readmission related to CA in AF patients. High hospital volume for CA was noted to be associated with reduced readmission as noted by Shah et al[5](#jah33264-bib-0005){ref-type="ref"} thus reaffirming the notion that increased procedure experience is associated with better outcomes. Additionally, prior stroke/TIA was a significant predictor of increase readmission in our study converse to the findings published in the previous studies.[5](#jah33264-bib-0005){ref-type="ref"}, [13](#jah33264-bib-0013){ref-type="ref"}

AF recurrence was the most common etiology (22.7% at 30 days and 24.8% at 90 days follow‐up) for readmission followed by heart failure in the study population. Various studies have reported post‐ablation AF recurrence rate ranging between 13% and 44% with a long‐term follow up.[17](#jah33264-bib-0017){ref-type="ref"}, [18](#jah33264-bib-0018){ref-type="ref"} Observation by Shah et al[5](#jah33264-bib-0005){ref-type="ref"} that 26.9% of readmissions after 30‐day follow‐up in catheter ablated AF patients were attributable to AF and atrial flutter coincide with our study. Readmission because of heart failure partly related to the high prevalence of the same in the study population but heart failure has been a well‐recognized complication after extensive catheter ablation.[19](#jah33264-bib-0019){ref-type="ref"} High heart failure rate in readmitted subjects in our study compared with Noseworthy et al[13](#jah33264-bib-0013){ref-type="ref"} is partly explained by the greater proportion of subjects aged ≥65 years in our study. Readmission rate because of stroke/TIA and bleeding noted in our study is similar to previously published studies.[17](#jah33264-bib-0017){ref-type="ref"}, [20](#jah33264-bib-0020){ref-type="ref"}, [21](#jah33264-bib-0021){ref-type="ref"}, [22](#jah33264-bib-0022){ref-type="ref"}

Our study reported an AF recurrence rate of 5.3% which is in line with the observation made by Noseworthy et al[13](#jah33264-bib-0013){ref-type="ref"} who reported an AF recurrence of 5.4% during the 90‐day follow‐up after CA in AF patients. We identified patient subgroups at high risk of AF recurrence after catheter ablation. Females were noted to have higher association to AF recurrence compared with males which again reaffirms the sex‐related variation in outcomes after catheter ablation for AF. Contrary to Berruezo et al[23](#jah33264-bib-0023){ref-type="ref"} hypertension was not found to be a predictor of AF recurrence in our study. Additionally, we noted diabetes mellitus and chronic pulmonary disease to be associated with a high likelihood of AF recurrence. Our findings support the previously noted observation by Goudis[24](#jah33264-bib-0024){ref-type="ref"} that concurrent COPD in AF patients leads to worse outcomes in terms of AF progression, AF recurrence after catheter ablation, and overall mortality. Increased hospital volume for the catheter ablation predicted lower AF recurrence in our study, again highlighting the salubrious importance of increased institutional experience. This information is of high value in patient selection for catheter ablation.

We noted a significant decline in AF recurrence and 90‐day readmission rate in post‐ablated AF patients during the study period which endorses the findings published by Noseworthy et al.[13](#jah33264-bib-0013){ref-type="ref"} This gradual betterment in outcomes reflects the irrefutable effects of improvement in catheter technology, institutional experience, and post‐ablation anticoagulation techniques. However, a rise in AF ablation related cost of care and length of hospitalization over the study period was noted as well. Our observation that those subgroups of AF patients with higher use of catheter ablation had better outcomes as well (ie, male patients, subjects with higher household income or private insurance coverage, patients admitted in medium/large hospitals, hospitals with academic affiliation or those having non‐urgent admission) supports the current inclusion model for catheter ablation.

Limitations {#jah33264-sec-0022}
-----------

Though our study originates from the well‐designed National Readmission Database from the HCUP, there remain few limitations. The major limitation of our study holds true for most large administrative database analyses, which includes errors in coding primary diagnoses, and under‐reporting of secondary diagnoses. Also, clinically insignificant differences can sometimes be presented as statistically significant difference because of large sample size. Furthermore, our data lack some clinical information such as duration of atrial fibrillation, anti‐arrhythmic drugs, anti‐coagulation use, and cardiac biomarkers. And NRD does not carry information about the race and results from invasive and non‐invasive diagnostic modalities which could have predicted adverse outcomes in a much better way. Nevertheless, the NRD database is clinically sound with its near population‐based case ascertainment, a large sample size, and valid information on readmissions, with the representation of patients from all regions, not limited to Medicare/Medicaid beneficiaries. The largest publicly available and nationally representative sample allowed us to evaluate some meaningful outcome results for increasingly relevant quality parameters.

Conclusions {#jah33264-sec-0023}
===========

We reported increased hospitalization post AF ablation in women, patients with multiple higher comorbidities whereas lower rates of hospitalization in high volume hospitals and ablations were performed in patients with private insurance. Identifying high‐risk group for readmissions and potential reasons and interventions to mitigate them could reduce resource utilization.
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